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Abstract
In recent times, the charged-current mediated semileptonic b → cτ ν¯τ processes have attracted
a lot of attention after the observation of lepton non-universality ratios, RD(∗) , RJ/ψ and the
measurements on D∗ and τ longitudinal polarization fractions in B¯ → D∗τ ν¯τ processes. We
present a model-independent analysis of B¯ → D(∗)τ ν¯τ , Bs → D(∗)s τ ν¯τ , B+c → (ηc, J/ψ)τ+ντ ,
Λb → Λcτ ν¯τ and B¯ → D∗∗τ ν¯τ (where D∗∗ = {D∗0, D∗1, D1, D∗2} are the four lightest excited
charm mesons) processes involving b→ cτ ν¯ quark level transitions by considering the most general
effective Lagrangian in the presence of new physics. We perform a global fit to various set of new
coefficients, including the measurements on RD(∗) , RJ/ψ and the upper limit on Br(B
+
c → τ+ν¯τ ).
We then show the implications of constrained new couplings on the branching fractions, lepton
non-universality ratios and various angular observables of these decay modes in four different bins
of q2.
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2I. INTRODUCTION
Although, we have not seen any unambiguous signal of new physics (NP) at the LHC
experiment so far, the observation of lepton universality violating (LUV) ratios in b → sll
(RK(∗)) [1–4] and b→ cτ ν¯τ (RD(∗) , RJ/ψ) [5–16] decay modes have provided an indirect hint
for the existence of NP beyond the Standard Model (SM). The measurements on lepton
non-universality (LNU) observables, RK ≡ Γ(B+ → K+ µ+ µ−)/Γ(B+ → K+ e+ e−) along
with RK∗ ≡ Γ(B0 → K∗0µ+µ−)/Γ(B0 → K∗0e+e−) by LHCb Collaborations disagree with
their SM predictions at ∼ 2.5σ level [1–4, 17, 18]. In the b → cτ ν¯τ sector, the LHCb
[10–13] as well as Belle [5–9] and BaBar [14, 15] have measured the LNU ratios, RD(∗) ≡
Γ(B¯ → D(∗) τ ν¯τ )/Γ(B¯ → D(∗) lν¯l) and RJ/ψ ≡ Γ(B+c → J/ψ τ+ντ )/Γ(B+c → J/ψ l+νl),
where l = e, µ. Combining the RD(∗) data of all the experiments, the world average values
by HFLAV Collaboration [16] are
RExptD = 0.340± 0.027± 0.013 , RExptD∗ = 0.295± 0.011± 0.008 , (1)
which disagree with their SM predictions [19–21]
RSMD = 0.299± 0.003 , RSMD∗ = 0.258± 0.005 , (2)
by 3.08σ. The measured value of RJ/Ψ by LHCb [10]
RExptJ/ψ = 0.71± 0.17± 0.18 , (3)
also shows a 1.7σ deviation from the corresponding SM prediction [22–24]
RSMJ/ψ = 0.289± 0.01 . (4)
The uncertainties from the CKM matrix elements and the form factors are canceled out to
a large extent in all these LNU ratios associated with b → sll and b → cτ ν¯τ and hence,
these observed anomalies indirectly point towards the possible interplay of new physics.
Besides these LNU ratios, the Belle Collaboration has also measured D∗ and τ longitudinal
polarization fractions in B¯ → D∗τ ν¯τ channel. The measured values of PD∗τ by Belle [9]
PD
∗
τ |Expt = −0.38± 0.51+0.21−0.16 , (5)
is almost consistent with its SM prediction, PD
∗
τ |SM = −0.497 ± 0.013 [25]. However, dis-
agreement of 1.6σ is found between the Belle measurement [26, 27]
FD
∗
L |Expt = 0.60± 0.08± 0.04 , (6)
3and its SM prediction, FD
∗
L |SM = 0.46± 0.04 [28].
The investigation of charge-current mediated semileptonic decays like B¯ → D(∗)τ ν¯τ ,
Bs → D(∗)s τ ν¯τ , B+c → (ηc, J/ψ)τ+ντ , Λb → Λcτ ν¯τ and B¯ → D∗∗τ ν¯τ driven by b → cτ ν¯τ
transition are utterly interesting, as the NP contributions would have to be significantly large
enough to provide visible impact in these tree level decay channels in the SM, which in turn
would requires new particles to be either rather light or strongly coupled to the SM particles.
Both the decay processes B¯ → D(∗) and Bs → D(∗)s are related by SU(3) flavor symmetry,
i.e., differ only in their spectator quark, mediated by b → c transition, involving the same
CKM matrix element Vcb. Therefore, a detailed comprehensive analysis of these channels
will help in determining the value of |Vcb|. The semileptonic decays of B(s) and Bc mesons
have been studied intensively in the literature [29–41]. The heavy-heavy baryonic decay
modes of b-flavored baryons can also serve as an additional source for the determination of
the CKM matrix element Vcb [42–45], which are investigated by many authors in the SM
as well as in the presence of NP [46–59]. In Ref. [60, 61], the rare semileptonic decays of
B meson to higher excited charmed mesons (D∗∗) with a lepton and a neutrino in the final
state i.e., B¯ → D∗∗lν¯l, where D∗∗ ∈ D∗0, D∗1, D1, D2 are scrutinized in the SM and in the
model independent approach. In this work, we would like to study all the above discussed
decay processes involving b → cτ ν¯τ quark level transition in a model independent way by
extending the operator structure of Lagrangian beyond standard model. In this approach,
we find additional Wilson coefficients contributions to the SM coefficients. We constrain the
new parameters from the χ2 fit of RD(∗) , RJ/ψ and upper limit on Br(B
+
c → τ+ντ ). The
bin-wise branching ratio, forward-backward asymmetry, LNU ratios, τ and V (= D∗(s), J/ψ)
polarization asymmetry of b→ cτ ν¯τ decay modes for both real and complex new coefficients
are estimated in this analysis.
The plan of the paper is as follows. In section II, we give the most general interaction
Lagrangian and the theoretical framework for the analysis of b → cτ ν¯τ transition. Our
methodology to constrain the new coefficients is presented in section III. Section IV describes
the bin-wise numerical analysis of branching ratios and various angular observables of B¯ →
D(∗)τ ν¯τ , Bs → D(∗)s τ ν¯τ , B+c → (ηc, J/ψ)τ+ντ decay processes. The Λb → Λcτ ν¯τ and B¯ →
D∗∗τ ν¯τ processes are discussed in section V and VI respectively. Section VII summarizes
our results.
4II. THEORETICAL FRAMEWORK
The most general effective Lagrangian of b→ cτ ν¯l process can be written as [62]
Heff = 4GF√
2
Vcb
[
(δlτ + VL)OlVL + VROlVR + SLOlSL + SROlSR + TOlT
]
, (7)
where GF is the Fermi constant, Vcb is the CKM matrix element, OX ’s (X = VL,R, SL,R, T )
are the six-dimensional operators
OlVL = (c¯LγµbL) (τ¯LγµνlL) , OlVR = (c¯RγµbR) (τ¯LγµνlL) ,
OlSL = (c¯LbR) (τ¯RνlL) , OlSR = (c¯RbL) (τ¯RνlL) ,
OlT = (c¯RσµνbL) (τ¯RσµννlL) , (8)
and the corresponding Wilson coefficients (X) are zero in the SM, which can only be gener-
ated in NP models. Here qL(R) = L(R)q are the chiral quark fields with L(R) = (1∓ γ5)/2
as the projection operators.
Including all the new physics operators, the differential decay rate of B¯ → Plνl processes,
where P = D(s), ηc are the pseudo-scalar mesons, with respect to q
2 is given by [62]
dΓ(B¯ → Plν¯l)
dq2
=
G2F |Vcb|2
192pi3M3B
q2
√
λP (q2)
(
1− m
2
l
q2
)2
×
{∣∣∣1 + VL + VR∣∣∣2 [(1 + m2l
2q2
)
H20 +
3
2
m2l
q2
H2t
]
+
3
2
|SL + SR|2 H2S + 8 |T |2
(
1 +
2m2l
q2
)
H2T
+3Re [(1 + VL + VR)(S
∗
L + S
∗
R)]
ml√
q2
HSHt
−12Re [(1 + VL + VR)T ∗] ml√
q2
HTH0
}
, (9)
where
λP = λ(M
2
B,M
2
P , q
2), with λ(a, b, c) = a2 + b2 + c2 − 2(ab+ bc+ ca) . (10)
MB (MP ) is the mass of the B (P ) meson, ml is the charged lepton mass and H0,t,S,T are
the helicity amplitudes which include the form factors (F0,1,T ) [62].
The differential decay distribution of B¯ → V lν¯l processes where V denotes the vector
mesons (V = D∗(s), J/ψ), in terms of helicity amplitudes (Hi,±, Hi,0, Ht, where i = V, T )
5with respect to q2 is given by [62]
dΓ(B¯ → V lν¯l)
dq2
=
G2F |Vcb|2
192pi3M3B
q2
√
λV (q2)
(
1− m
2
l
q2
)2
×{(|1 + VL|2 + |VR|2) [(1 + m2l
2q2
)(
H2V,+ +H
2
V,− +H
2
V,0
)
+
3
2
m2l
q2
H2V,t
]
−2Re [(1 + VL)V ∗R]
[(
1 +
m2l
2q2
)(
H2V,0 + 2HV,+HV,−
)
+
3
2
m2l
q2
H2V,t
]
+
3
2
|SL − SR|2H2S + 8|T |2
(
1 +
2m2l
q2
)(
H2T,+ +H
2
T,− +H
2
T,0
)
+3Re [(1 + VL − VR) (S∗L − S∗R)]
ml√
q2
HSHV,t
−12Re [(1 + V ∗L )T ∗]
ml√
q2
(HT,0HV,0 +HT,+HV,+ −HT,−HV,−)
+12Re [V ∗RT
∗]
ml√
q2
(HT,0HV,0 +HT,+HV,− −HT,−HV,+)
}
, (11)
where λV = λ(M
2
B,M
2
V , q
2). Alongside the decay rate, we also consider the following angular
observables to probe NP in semileptonic B decays.
Forward-backward asymmetry :
AFB
(
q2
)
=
[∫ 0
−1
d cos θl
d2Γ
dq2d cos θl
−
∫ 1
0
d cos θl
d2Γ
dq2d cos θl
]
. (12)
Lepton non-universality :
RP =
Br(B¯ → Pτν¯)
Br(B¯ → Plν¯) ,
RV =
Br(B¯ → V τ ν¯)
Br(B¯ → V lν¯) , l = e, µ . (13)
Tau polarization parameter :
Pτ (q
2) =
dΓ(λτ = 1/2)/dq
2 − dΓ(λτ = −1/2)/dq2
dΓ(λτ = 1/2)/dq2 + dΓ(λτ = −1/2)/dq2 . (14)
The detailed expressions for the decay distributions dΓ(λ = ±1/2)/dq2 can be found
in the Ref. [62].
Polarization of V : The longitudinal (L) and transverse (T ) polarization components of
daughter vector meson (V ) are given by [63]
FD
∗
L,T (q
2) =
dΓL,T
(
B¯ → D∗τ ν¯) /dq2
dΓ
(
B¯ → D∗τ ν¯) /dq2 . (15)
6III. CONSTRAINTS ON NEW COEFFICIENTS
In this section, we perform the χ2 fitting to obtain the values of the new coefficients, from
the observables RD(∗) , RJ/ψ and Br(B
+
c → τ+ντ ), where χ2 is defined as
χ2(X) =
∑
i
(Othi (X)−OExpti )2
(∆OExpti )2 + (∆OSMi )2
. (16)
Here Othi (X) are the total theoretical predictions for the observables with X(=
VL,R, SL,R, T ) as the new Wilson coefficients and OExpti represent the corresponding mea-
sured central values. ∆OExpti and ∆OSMi are respectively the experimental and SM uncer-
tainties of the observables. The complete expression for B¯(B+c )→ D(∗)(J/ψ)lν¯l decay rates,
required to compute the RD(∗) , RJ/ψ LNU ratios are provided in the previous section. We
use the B¯ → D hadronic form factors from [64] that calculated using lattice QCD tech-
niques and for the B¯ → D∗ decays, we use the heavy quark effective theory (HQET) form
factors from [65–67]. For the B+c → J/ψ form factors, we consider the perturbative QCD
(PQCD) calculation from [68, 69]. Including the NP contributions, the branching ratios of
B+c → τ+ντ processes is given by [63]
BR(B+c → τ+ντ ) =
G2FMBcm
2
τ
8pi
(
1− m
2
τ
M2Bc
)2
f 2Bc |Vcb|2 τB+c
×
∣∣∣ (1 + VL − VR)− M2Bc
mτ (mb +mc)
(SL − SR)
∣∣∣2. (17)
Using the decay constant, fBc = 489±4±3 MeV from [70, 71] and the CKM matrix elements,
particle masses and life time of Bc meson from [72], the predicted branching fraction in the
SM is given as
BR(B+c → τ+ντ )|SM = (3.6± 0.14)× 10−2 , (18)
and its current experimental upper limit is [73]
BR(B+c → τ+ντ )|Expt < 30%. (19)
In this analysis, we fit all possible cases of new coefficients which are classified as
Case A: Presence of only one new real coefficient at a time.
Case B: Presence of only one new complex coefficient at a time.
Case C: Presence of various combinations of two new real coefficients at a time.
7Case A contains individual 5 real new coefficients (vector, scalar and tensor types),
whose best-fit values are presented in Table I . In this Table, we have also presented the
χ2min, SM+NP/d.o.f as well as the pull values, defined as: pull=
√
χ2SM − χ2SM+NP . The degrees
of freedom in this case is 3, since we consider four observables with one additional new pa-
rameter. We find χ2SM = 11.193 for the SM. The χ
2
min, SM+VL
/d.o.f = 0.767 and pull=2.982
for the additional VL coefficient, which implies the NP contribution due to VL coupling, fit
the measurement very well. Whereas the presence of VR, scalar and tensor type couplings
give poor fit to the RD(∗) , RJ/ψ and Br(B
+
c → τ+ντ ) data.
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FIG. 1: Constraints on real and imaginary part of the new coefficients obtained from χ2 fit to
RD(∗) , RJ/ψ and Br(B
+
c → τ+ντ ) observables. Here the black dots represent the best-fit values.
Case B includes the presence of individual complex vector, scalar and tensor type Wilson
coefficients. The constrained plots on real and imaginary parts of individual complex Wilson
coefficients associated with b → cτ ν¯τ transitions, obtained from fit to RD(∗) , RJ/ψ and the
upper limit on branching ratio of B+c → τ+ντ are depicted in Fig. 1 . Here yellow, blue and
orange colors represent 1σ, 2σ and 3σ contours respectively and black dots are the respective
best-fit values. The pull for only complex VL coefficient remain same as previous case and
fits the measured data well. We found χ2min, SM+VR = 2.29 for the complex VR coefficient
and the pull value has increased from 1.57 to 2.984. The SL coefficient fits very poorly with
data and the pull remains same as case A. Though their is increment in the pull value of SR
8TABLE I: Predicted best-fit values of new Wilson coefficients for all possible cases. We also provide
the χ2min/d.o.f and pull values.
Cases New Wilson coefficients Best-fit values χ2min/d.o.f Pull
Case A VL −2.07 0.767 2.982
VR −0.0434 2.91 1.57
SL 0.097 2.81 1.663
SR −1.443 3.319 1.112
T −0.0263 1.6 2.527
Case B (Re[VL], Im[VL]) (−1.233, 1.045) 1.151 2.982
(Re[VR], Im[VR]) (−0.0034,−0.3783) 1.145 2.984
(Re[SL], Im[SL]) (0.97, 0) 4.213 1.663
(Re[SR], Im[SR]) (−0.695,−0.777) 2.175 2.616
(Re[T ], Im[T ]) (0.0886,−0.17) 1.416 2.892
Case C (VL, VR) (0.0694,−0.0026) 1.147 2.983
(VL, SL) (0.0714,−0.0063) 1.147 2.983
(VL, SR) (0.0724,−0.0086) 1.145 2.984
(VL, T ) (−0.194, 0.3913) 2.42 2.52
(VR, SL) (−0.09, 0.1726) 1.167 2.976
(VR, SR) (−0.072, 0.154) 1.15 2.96
(VR, T ) (0.091,−0.0519) 1.02 3.02
(SL, SR) (−1.04,−0.449) 2.72 2.4
(SL, T ) (−1.25, 0.303) 1.989 2.686
(SR, T ) (−1.1875, 0.352) 2.23 2.596
and T coupling as compared to previous case, till they provide poor fit.
Now coming to case C, which includes various possible combination of two real Wilson
coefficients at a time. The constrained plots for 10 possible sets of new real coefficients are
shown in Fig. 2 . We present the zoomed plot for VL−VR coefficients in the top-middle panel
of this figure. We find that, the NP contribution arising due to the presence of VL − VR,
VL−SL, VL−SR, VR−SL and VR−SR sets of new coefficients provide an acceptable fit with
pull values ∼ 2.96. The VR− T combination fit the experimental data quite effectively with
the highest pull value 3.02. The fit for remaining possible sets of real Wilson coefficients,
such as VL&T, SL&SR, SL & T, SR&T are not robust.
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FIG. 2: Constraints on various combination of real new coefficients obtained from χ2 fit to RD(∗) ,
RJ/ψ and Br(B
+
c → τ+ντ ) observables for case C of our analysis. We show the zoom plot for
VL − VR plane in the top-middle panel. Here the black dots represent the best-fit values.
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IV. NUMERICAL ANALYSIS FOR B¯ → D(∗)τ−ν¯τ , B¯s → D(∗)s τ−ν¯τ AND B+c →
(ηc, J/ψ)τ
+ντ PROCESSES
After gathering all the information about the constraints on various new coefficients,
we now proceed to analyze the impact of NP, for all the possible combinations as dis-
cussed above, on branching ratios and various angular observables of B¯ → D(∗)τ−ν¯τ ,
B+c → (ηc, J/ψ)τ+ντ and Bs → D(∗)s τ−ν¯τ decay modes. We study the angular observ-
ables of all these decay processes in four q2 (in GeV2) bins: m2τ → 5, 5 → 7, 7 → 9 and
9→ (MB −MP (V ))2. All the input parameters required for numerical estimation are taken
from [72] . The values of the form factors used in this analysis for various processes are as:
(a) lattice QCD results [64] for B¯ → D form factors (b) HQET [65–67] results on B¯ → D∗
form factors (c) the form factors for B+c → ηc (B+c → J/ψ) transitions are from light-front
quark model (perturbative QCD) [74] ([68, 69]) (d) lattice QCD results on Bs → Ds form
factors [40] and for Bs → D∗s form factors from perturbative QCD approach [39]. As the
tensor form factors for the processes B+c → (ηc, J/ψ) and Bs → D(∗)s are not available, we
relate them with the respective (axial)vector form factors through the equations of motion.
In the following subsections, we discuss our predicted results on all these b → cτ ν¯τ decay
modes for each case.
A. Case A
Here we consider the presence of a single real new Wilson coefficient at a time, whose
predicted best-fit values are presented in Table I . Using these values, the branching ratios of
B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel),
B+c → J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ
(bottom-right panel) processes in four q2 bins are presented in Fig. 3 . The solid red lines
in these plots represent the SM predictions and the light red bands represent the SM 1σ
uncertainties, which arise due to the uncertainties in the input parameters such as CKM
matrix elements and hadronic form factors. The dashed blue, green, black, dark yellow and
cyan lines are obtained by using the best-fit values of VL, VR, SL, SR and T coefficients,
respectively. The following observations are inferred from these plots.
• In B¯ → D decays, the SR contribution gives significant deviation from the SM in first,
second and fourth q2 bins. The contributions of VL and SL couplings show reasonable
deviations from the SM central values in the second, third and fourth q2 bins. The
predicted branching ratio with VR coupling lies within 1σ range of SM, while the tensor
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FIG. 3: The bin-wise branching ratios of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-right panel),
B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ (bottom-left
panel) and Bs → D∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case A of our analysis.
Here the solid red lines (light red bands) stand for the central values (1-σ uncertainties) in the SM.
The blue, green, black, dark yellow and cyan dashed lines are drawn by using the best-fit values
of VL, VR, SL, SR and T coefficients, respectively.
coefficient has negligible impact on the entire q2 region.
• For B¯ → D∗τ ν¯τ process, the branching ratio show significant deviation in the first
two bins due to the contribution of additional T coefficient, whereas the effect of other
contributions are rather marginal. The predicted bin-wise branching ratios for VR
coupling in all bins are found to be within the 1σ SM uncertainties. The SL coefficient
has negligible impact in all four q2 bins.
• The deviation in the branching fraction of B+c → ηcτ+ντ and Bs → Dsτ ν¯τ processes
due to the contribution of SR coefficient is significantly large in the first, second and
fourth bins whereas the impact of other coefficients are quite marginal in all the bins.
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• For B+c → J/ψτ+ντ (Bs → D∗sτ ν¯τ ) process, the effect of SR is significantly large in
the second (second and third) bin(s), whereas the impact of other couplings are rather
nominal.
In order to quantify the above discussed results, we define the pull metric at the observable
level as
Pulli =
ONPi −OSMi√
∆ONPi 2 + ∆OSMi 2
, (20)
where i represents all observables, OSMi and ONPi stand for the values of the observables in
the SM and NP scenarios and ∆OSMi , ∆ONPi are the corresponding 1σ uncertainties. The
pull values of the branching fractions of all the decay modes in the presence of individual new
coefficients in all the four q2 bins are presented in Table II . Though the presence of only real
SR coupling provide comparatively large deviation from the SM results, the corresponding
χ2min/d.o.f rather large, which implies the fit is not good enough to accommodate all the
observed b→ cτ ν¯τ anomalies.
The bin-wise values of forward-backward asymmetry for B¯ → Dτν¯τ (top-left panel),
B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-
right panel), Bs → Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) decay
modes are represented in Fig. 4 . Since the forward-backward asymmetry is independent of
VL coupling, the presence of only VL coefficient does not have any impact on this observable.
The forward-backward asymmetry obtained by using the best-fit value of only SR coupling
has significant deviation from SM results for B¯ → D, B+c → ηc and Bs → Ds processes. The
remaining coefficients have negligible effect on AFB of these decay modes. Either SR or T
coefficient also provide maximum deviation in all the q2 bins of B(s) → D∗(s) and B+c → J/ψ
processes, except negligible impact of tensor coefficient in the first bin of B+c → J/ψ. The
VR coefficient also affects this observable, but rather weakly in the last bin.
The graphical representation of lepton non-universality ratios, RD (top-left panel), RD∗
(top-right panel), Rηc (middle-left panel), RJ/ψ (middle-right panel), RDs (bottom-left panel)
and RD∗s (bottom-right panel) in four q
2 bins are depicted in Fig. 5 . The presence of either
VL, SR or SL coefficients show significant deviation (the VR coupling has comparatively less
impact) from the SM values of RD(s) and Rηc observables in the fourth q
2 bin, whereas tensor
coupling has vanishingly small effect. All the coefficients except SL affect the RD∗
(s)
and RJ/ψ
observables remarkably in the last three q2 bins.
The bin-wise plots for the τ -polarization asymmetry of B¯ → Dτν¯τ (top-left panel),
B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-
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TABLE II: Pull values of the branching ratios of all the decay modes in the presence of individual
new coefficients in all the four q2 bins for case A. Here the first row contains the pull values for
only VL, VR, T and second row represents the SL, SR pull values.
modes Only VL Only VR Only T
Only SL Only SR
B¯ → D (1.192, 1.06, 0.953, 0.794) (0.783, 0.696, 0.627, 0.522) (0.24, 0.23, 0.197, 0.112)
(0.72, 0.856, 1.074, 1.364) (5.9, 3.45, 0.285, 3.78)
B¯ → D∗ (1.192, 1.06, 0.953, 0.794) (0.648, 0.574, 0.535, 0.475) (1.1, 1.03, 0.954, 0.82)
(0.165, 0.123, 0.072, 0.024) (2.65, 2.15, 1.423, 0.544)
Bc → ηc (1.192, 1.06, 0.953, 0.794) (0.783, 0.696, 0.627, 0.522) (0.206, 0.194, 0.16, 0.082)
(0.71, 0.87, 1.125, 1.404) (5.925, 3.518, 0.281, 3.482)
Bc → J/ψ (1.192, 1.06, 0.953, 0.794) (0.714, 0.635, 0.58, 0.495) (1.143, 1.13, 1.053, 0.88)
(0.188, 0.124, 0.057, 0.014) (2.95, 2.17, 1.16, 0.318)
B¯ → Ds (1.192, 1.06, 0.953, 0.794) (0.783, 0.696, 0.625, 0.522) (0.197, 0.191, 0.166, 0.096)
(0.72, 0.861, 1.09, 1.372) (5.92, 3.485, 0.273, 3.75)
B¯ → D∗s (1.192, 1.06, 0.953, 0.794) (0.63, 0.555, 0.52, 0.469) (0.813, 0.829, 0.843, 0.785)
(0.175, 0.128, 0.074, 0.025) (2.78, 2.234, 1.46, 0.55)
right panel), Bs → Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) decay
modes are shown in Fig. 6 . Since the dependence of vector couplings drops out in Pτ , so
only scalar type couplings provide deviation from SM results for B(s) → D(s) and B+c → ηc
transitions. We observe that, the contributions from additional SL (SR) coefficient affect
the Pτ observable significantly except in the first (third) bin, whereas tensor coupling has
negligible effect in all q2 bins. In the P Vτ observables (V = D
∗
(s), J/ψ), the SL and T contri-
butions are dominant in the first two bins and SR has significant impact in full q
2 regions.
In Fig. 7 , the bin-wise plots for longitudinal (left) and transverse (right) polarization asym-
metry of B¯ → D∗τ ν¯τ , B+c → J/ψτ+ντ and Bs → D∗sτ ν¯τ processes are shown in the top,
middle and bottom panels, respectively. Both the longitudinal and transverse polarization
asymmetry of all the decay modes shift from their respective SM predictions due to the
presence of either VR or SR couplings. The tensor coefficient affects the first three (two)
bins of B+c → J/ψ (Bs → D∗s) decay mode.
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FIG. 4: The bin-wise forward-backward asymmetry of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ
(top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs →
Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case
A.
B. Case B
In this case, the new coefficients are assumed to be complex and considering the presence
of one coefficient at a time, the best-fit values of the real and imaginary parts of these
couplings are presented in Table I . Using the best-fit values, the bin-wise plots for the
branching ratio of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ
(middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ (bottom-left panel)
and Bs → D∗sτ ν¯τ (bottom-right panel) decay processes are shown in Fig. 8 . In the presence
of either VL or VR coefficient, the branching ratios of all the decay modes deviate from
their SM values in all the bins except the first bin (where the deviation is minimal). Due
to the additional SL coupling, the branching fractions of B(s) → D(s) and B+c → ηc show
significant deviations in all bins except in the first one, whereas B(s) → D∗(s) and B+c → J/ψ
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FIG. 5: The bin-wise RD (top-left panel), RD∗ (top-right panel), Rηc (middle-left panel), RJ/ψ
(middle-right panel), RDs (bottom-left panel) and RD∗s (bottom-right panel) in four q
2 bins for
case A.
have negligibly effect from SL. The branching ratios of all processes deviate maximally due
to the new contribution from SR coefficient. The tensor coefficient affects 2
nd and 3rd bins
of B(s) → D(s) and B+c → ηc, first three bins of B(s) → D∗(s) and no effect on B+c → J/ψ.
For this case, the pull values of the branching ratios of all these channels in the presence of
individual complex coefficient, in all the four q2 bins are given in Table III .
The graphical representation of forward-backward asymmetry of B¯ → Dτν¯τ (top-left
panel), B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ
(middle-right panel), Bs → Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right
panel) decay processes are shown in Fig. 9 . The presence of VR coefficient affects the
forward-backward asymmetry of only B → V processes. The SL coupling shows vanishing
results. The SR coefficients contributes maximally to the forward-backward asymmetry of
all these decay modes in all the four q2 bin. The tensor coefficients show deviation in the
last three bins of B(s) → D(s) (B+c → ηc), first three bins of B(s) → D∗(s) and first two bins of
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FIG. 6: The bin-wise τ -polarization asymmetry of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-
right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), B¯s → D¯sτ ν¯τ
(bottom-left panel) and B¯s → D¯∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case A.
B+c → J/ψ process. The bin-wise numerical values of branching ratios and forward-backward
asymmetries are given in Table IV .
The bin-wise values of RD (top-left panel), RD∗ (top-right panel), Rηc (middle-left panel),
RJ/ψ (middle-right panel), RDs (bottom-left panel) and RD∗s (bottom-right panel) are pre-
sented graphically in Fig. 10 . All the coefficients provide profound deviations in the last q2
bin of RD(s) and Rηc observables. Including either VL or VR coefficient, we find significant
deviation in the last three bins of the RV observable and the additional SR coupling max-
imally affect the two middle bins. The SL coefficient has negligible impact on these LNU
parameters, whereas tensor coupling affects the second and third bins of RD∗
(s)
. Though T
coupling has impact on last bin of B+c → J/ψ, the deviation is minimal.
The graphical representation of tau polarization observable of B¯ → Dτν¯τ (top-left panel),
B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-
right panel), Bs → Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) decay
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FIG. 7: The bin-wise longitudinal (left panel) and transverse (right panel) polarization asymmetry
of daughter vector meson of B¯ → D∗τ ν¯τ (top), B+c → J/ψτ+ντ (middle) and Bs → D∗sτ ν¯τ
(bottom) processes in four q2 bins for case A.
processes are shown in Fig. 11 . The SL coefficient has significant impact on Pτ observable
of B → P and almost null effect on B → V decay modes. The inclusion of either SR or T
coefficient has shifted Pτ significantly from the SM values of all decay modes. The bin-wise
numerical values of the LNU ratios and τ polarization asymmetries are presented in Table
V .
Fig. 12 depicts the bin-wise plots for longitudinal (left) and transverse (right) polariza-
tion asymmetry parameters of B¯ → D∗τ ν¯τ (top), B+c → J/ψτ+ντ (middle) and Bs → D∗sτ ν¯τ
(bottom) processes for case B. The FL and FT parameters of none of the decay modes are
affected by the VL/VR/SL coefficients, whereas SR/T have significant impact on the decay
modes in all the q2 bins. The bin-wise numerical values of longitudinal polarization asym-
metries of D∗(s), J/ψ vector mesons are presented in Table VI . The transverse polarization
asymmetries can be obtained from Table VI by using the relation FT = 1 − FL. Fig. 19
depicts the correlations between lepton non-universality, lepton and hadron longitudinal po-
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FIG. 8: The bin-wise branching ratios of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-right
panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), B¯s → D¯sτ ν¯τ
(bottom-left panel) and B¯s → D¯∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case B.
larization asymmetries of all the above discussed decay modes in their corresponding full
q2 range that obtained by using the 1σ range of new coefficients for case B. The 1σ range
of new vector and scalar complex coefficients obtained from the joint confidence regions
of the real and imaginary planes of these new couplings are given in Table III of our pre-
vious work [75] . The 1σ ranges of real and imaginary parts of the tensor coefficient are
(Re[T ], Im[T ]) = ([0.066, 0.12], [−0.18,−0.16]).
C. Case C
In this subsection, we discuss the implications of two different types of real Wilson coef-
ficients on the branching fractions, LNU ratios and angular observables of B(s) → D(∗)(s)τ ν¯τ
and B+c → (ηc, J/ψ)τ+ντ decay processes. We consider 10 possible combinations of new co-
efficients such as (VL, VR), (VL, SL), (VL, SR), (VL, T ), (VR, SL), (VR, SR), (VR, T ), (SL, SR),
19
TABLE III: Pull values of the branching ratios of all the decay modes in the presence of individual
new coefficients in all the four q2 bins for case B. Here the first row contains the pull values for
only VL, VR, T and second row represents the SL, SR pull values.
modes Only VL Only VR Only T
Only SL Only SR
B¯ → D (1.2, 1.07, 0.962, 0.802) (1.13, 1.0, 0.9, 0.751) (0.942, 0.921, 0.818, 0.49)
(0.712, 0.853, 1.07, 1.36) (2.215, 1.053, 0.762, 2.9)
B¯ → D∗ (1.2, 1.07, 0.962, 0.802) (1.23, 1.086, 0.979, 0.818) (3.102, 1.86, 0.722, 0.147)
(0.164, 0.122, 0.072, 0.242) (1.42, 1.149, 0.746, 0.277)
Bc → ηc (1.2, 1.07, 0.962, 0.802) (1.13, 1.0, 0.9, 0.751) (0.797, 0.797, 0.655, 0.35)
(0.715, 0.867, 1.121, 1.4) (2.23, 1.07, 0.79, 2.71)
Bc → J/ψ (1.2, 1.07, 0.962, 0.802) (1.23, 1.1, 0.983, 0.82) (1.48, 0.41, 0.274, 0.512)
(0.187, 0.123, 0.057, 0.014) (1.6, 1.16, 0.6, 0.16)
B¯ → Ds (1.2, 1.07, 0.962, 0.802) (1.13, 1.0, 0.9, 0.751) (0.762, 0.753, 0.677, 0.41)
(0.713, 0.857, 1.08, 1.37) (2.23, 1.07, 0.763, 2.879)
B¯ → D∗s (1.2, 1.07, 0.962, 0.802) (1.22, 1.085, 0.978, 0.818) (3.587, 2.16, 0.89, 0.082)
(0.174, 0.127, 0.074, 0.025) (1.5, 1.197, 0.766, 0.281)
(SL, T ) and (SR, T ), whose best-fit values are presented in Table I . Using the best-fit val-
ues, the branching ratios of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-right panel),
B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ
(bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) processes in four q2 bin for all
possible set of coefficients are presented in Fig. 13 . Here blue, green, magenta, dark yellow
represents the VL&VR, VL&SL, VL&SR, VL&T sets respectively. The orange, purple, black
colors are respectively stand for VR&SL, VR&SR, VR&T and cyan, dark green, gray are for
SL&SR, SL&T , SR&T combinations, respectively. In the first bin of Br(B¯ → Dτν¯τ ), the
VR&SL, VR&SR and SR&T have negligible deviation, slight deviation has been found for the
sets VL&VR, VL&SL, VL&SR, VL&T , VR&T and SL&T and significant deviation from the
SM predictions are noticed for the SL&SR combination of Wilson coefficients. The VR&SL
and VR&SR provide no deviation, whereas VL&VR, VL&SL, VL&SR, VL&T and SL&SR give
significant deviations from the SM results in the second bin and the SL&SR show maximum
deviation. In the 3rd bin, all combinations of real coefficients provide significant contribu-
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FIG. 9: The bin-wise forward-backward asymmetry of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ
(top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), B¯s →
D¯sτ ν¯τ (bottom-left panel) and B¯s → D¯∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case
B.
tions. Except VL&T , all the sets of Wilson coefficients provide large deviation in the last q
2
bin. The branching ratio of B¯ → D∗τ ν¯τ is found to receive significant new physics contri-
bution from all possible combinations of coefficients except SL&SR in all the q
2 bins. The
VR&T , SL&SR, SL&T and SR&T sets provide deviation (deviation is maximum for SL&SR)
in the first two bins of the branching ratios of Bc → ηcτ ν¯l. Except VL&T , SL&T and SR&T ,
the Br(Bc → ηc) in 3rd bin deviate significantly due to the presence of rest combinations of
Wilson coefficients. All the sets show significant deviation in the last bin and the maximum
deviation is observed for the SL&SR set. The bin-wise predictions on the branching ratio of
Bs → Dsτ ν¯τ behave almost similarly as B¯ → D¯.
In Fig. 14 , we show the bin-wise forward-backward asymmetry values of B¯ → Dτν¯τ (top-
left panel), B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ
(middle-right panel), Bs → Dsτ ν¯τ (bottom-left panel) andBs → D∗sτ ν¯τ (bottom-right panel)
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FIG. 10: The bin-wise RD (top-left panel), RD∗ (top-right panel), Rηc (middle-left panel), RJ/ψ
(middle-right panel), RDs (bottom-left panel) and RD∗s (bottom-right panel) in four q
2 bins for
case B.
processes. We observe that the SL&SR, SL&T and SR&T coefficients provide significant
deviation from the SM predictions of forward-backward asymmetry of B(s) → D(s) and
B+c → ηc in all q2 bins, however VL&T affect the AFB parameter in the last bins. Except
the VL&VR, VL&SL and VL&SR, all possible coefficients combinations shift the AFB of
B(s) → D∗(s) and B+c → J/ψ decay modes. The SL&T set has no effect on the forward-
backward asymmetry of B¯ → D∗ in the third bin.
Fig. 15 depicts the bin-wise values of lepton non-universality observables of B¯ → Dτν¯τ
(top-left panel), B¯ → D∗τ ν¯τ (top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c →
J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-
right panel) decay modes. All the sets of combinations have significant effects on the RD(s) ,
Rηc parameters in the last q
2 bin except VL&T , which provides negligible deviation. The
VL&T and SR&T coefficients deviates significantly from SM results of RD(s) (RJ/ψ) in the
last three (two) bins. The SL&T coefficient show maximum deviation in RV ratios.
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FIG. 11: The bin-wise τ -polarization asymmetry of B¯ → Dτν¯τ (top-left panel), B¯ → D¯∗τντ (top-
right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), B¯s → D¯sτ ν¯τ
(bottom-left panel) and B¯s → D¯∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case B.
The graphical representation of tau polarization asymmetry of all these decay modes
are presented in Fig. 16 . For all B → P decay modes, the VL&VR, VL&SL and VL&SR
scenario provide no deviation from the SM predictions in all the q2 bins and the SL&T set
has negligible effect on the 1st bin of P
D(s)
τ . The impact of SL(R)&T and VL&T scenarios
on τ -polarization asymmetries of B → V processes are far-reaching. Similarly, all possible
combinations of Wilson coefficients have larger impact on V polarization asymmetries of
B → V , except the VL&VR, VL&SL and VL&SR scenarios.
V. Λb → Λcτ ν¯τ
This section discusses the decay rates and angular observables of Λb → Λcτ ν¯τ processes
mediated via b→ cτ ν¯τ quark level transitions. In our previous work [59] , we have presented
the complete expressions for all the required observables. The q2 dependence of the helicity
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FIG. 12: The bin-wise longitudinal (left panel) and transverse (right panel) polarization asym-
metry of daughter vector meson of B¯ → D∗τ ν¯τ (top), B+c → J/ψτ+ντ (middle) and B¯s → D¯∗sτ ν¯τ
(bottom) processes in four q2 bin for case B.
form factors of Λb → Λc, computed in the lattice QCD approach are taken from [51, 55]
and the other remaining input parameters from [72]. Using the best-fit values of individual
new real and complex Wilson coefficients from Table I , we show the bin-wise graphical rep-
resentation of branching ratios (top), forward-backward-asymmetry (second from top), RΛc
(third from top), τ -polarization (fourth from top) and Λc polarization (bottom) asymmetries
of Λb → Λcτ ν¯τ process in Fig. 18 . Here the left (right) panel represents the plots for case
A (case B). The presence of VL (VR) affects the branching ratio maximally in all the bins
(none of the bins) for case A and in the last three bins (last three) for case B, whereas the
SL contribution is within SM 1σ error range. The SR has large effects on last two bins for
both cases. The new physics contribution to branching ratio, arising due to an additional T
lies within 1σ uncertainties range of SM for case A and has larger impact in the first three
bins for case B. The inclusion of SR coefficient provide profound deviation in A
Λc
FB observable
from SM predictions for both cases. The LNU parameters of Λb → Λc deviates significantly
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FIG. 13: The bin-wise branching ratios of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-right
panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ
(bottom-left panel) and B¯s → D¯∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case C.
from SM in last three bins due to an additional coefficients. The real VR contribution is
less in the 2nd bin and the complex T affects the first bin of RΛc profoundly. The new real
and complex scalar contributions has shifted the values of PΛcτ significantly from the SM
results and the FΛcL is affected by real SR and complex VR/SR coefficients. The bin-wise
numerical values for all observables for complex new Wilson coefficients are shown in Table
VII . Since, FT = 1 − FL, we don’t include the FΛcT values in VII . The bottom panel of
Fig. 19 represents the correlation plots of the RΛc , P
Λc
τ and F
Λc
L parameters in the full q
2
range obtained by using the 1σ range of new coefficients for case B. The correlation plots
of the lepton non-universality parameters of all the discussed B → P , B → V and Λb → Λc
processes are graphically presented in Fig. 20 . Fig. 21 . depicts the bin-wise values for
the branching ratio (top-left panel), AΛcFB (top-right panel), RΛc (middle-left panel), P
Λc
τ
(middle-right panel) and FΛcL (bottom panel) observables of Λb → Λc process graphically for
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FIG. 14: The bin-wise forward-backward asymmetry of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ
(top-right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs →
Dsτ ν¯τ (bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case
C.
case C. We find that, VL&T and SR&T has large impact on all observables, expect minor
contribution of SR&T to forward-backward asymmetry. The SL&SR (SL&T ) affects A
Λc
FB,
Pτ and F
Λc
L (A
Λc
FB, RΛc and Pτ ) observables.
VI. B → D∗∗τ ν¯τ PROCESSES
The implications of additional real and complex coefficients on the lepton non-universality
parameters of B → D∗∗τ ν¯τ processes, where D∗∗ = {D∗0, D∗1, D1, D∗2} are the four lightest
excited charmed mesons, will be discussed in this section. The detailed expressions for
decay rates in the SM [60] and in the presence of NP can be found in [60, 61] . The lepton
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FIG. 15: The bin-wise RD (top-left panel), RD∗ (top-right), Rηc (middle-left panel), RJ/ψ (middle-
right), RDs (bottom-left panel) and RD∗s (bottom-right panel) in four q
2 bins for case C.
non-universality ratio RD∗∗ is defined as
RD∗∗ =
BR(B → D∗∗τντ )
BR(B → D∗∗lνl) , l = e, µ . (21)
We use the input parameters from [72] and the required form factors from [60, 61] for numer-
ical analysis. Using the best-fit values from Table I , the bin-wise graphical representation
of RD∗0 (top-left panel), RD1 (top-right panel), RD∗1 (bottom-left panel) and RD∗2 (bottom-
right panel) parameters for case A, case B and case C are shown in Fig. 22 , 23 and 24
respectively. For the case of individual real coefficients, the contribution from VL provides
significant deviation from the SM values of RD∗
0(2)
, RD1 ratios in the last two bins. The VR
coefficient has effectively impact on the RD∗
0(2)
parameters in the 2nd and 3rd bins. The SL
coupling has negligible effects on all LNU parameters except the 2nd and 3rd bins of RD1 .
One can notice profound deviation in all the parameters in the last two bins due to an ad-
ditional contribution form SR coefficient. Tensor coupling has no effect on RD∗1 and the first
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FIG. 16: The bin-wise τ -polarization asymmetry of B¯ → Dτν¯τ (top-left panel), B¯ → D∗τ ν¯τ (top-
right panel), B+c → ηcτ+ντ (middle-left panel), B+c → J/ψτ+ντ (middle-right panel), Bs → Dsτ ν¯τ
(bottom-left panel) and Bs → D∗sτ ν¯τ (bottom-right panel) processes in four q2 bins for case C.
q2 bin of remaining three LNU ratios. It should be noted that the Ri, i = D
∗
0, D1, D
∗
1, D
∗
2
parameters have shifted maximally due to the presence of complex VL coupling. The devia-
tion due to complex VR coefficient is minor in the last two bins of all these LNU parameters.
The SR (T ) has large impact on RD1 (RD(∗)1
) parameters except in the first bin. Among 10
possible sets of two real coefficients, the Ri ratios deviate significantly from their respective
SM results due to the VL&T , SL&T and SR&T combinations of coefficients. The last two
bins of RD∗1 significantly deviates from SM values due to an additional contribution from
SL&SR coefficients. The bin-wise numerical values of the ratio for the sum of the four D
∗∗
states are given in Table VIII .
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FIG. 17: The bin-wise longitudinal (left panel) and transverse (right panel) polarization asym-
metry of daughter vector meson of B¯ → D∗τ ν¯τ (top), B+c → J/ψτ+ντ (middle) and Bs → D∗sτ ν¯τ
(bottom) processes in four q2 bin for case C.
VII. CONCLUSION
We have scrutinized the relevant semileptonic decays of B mesons and Λb involving the
b → cτ ν¯τ quark level transition in an effective theory approach. This model independent
strategy provides additional vector, scalar and tensor contributions to the standard model
result. We have considered three cases of new Wilson coefficients: (a) presence of individ-
ual real coupling (b) presence of individual complex coupling and (c) presence of two real
couplings and we performed a chi-square fitting to extract the best-fit values of these new
coefficients, from the experimental data on RD(∗) , RJ/ψ and Br(B
+
c → τ+ντ ) observables.
For case C, we have taken all possible combinations of real coefficients (total 10). Using
the best-fit values of real/complex Wilson coefficients, we then estimate the branching ra-
tios, forward-backward asymmetry, lepton non-universality, lepton and hadron polarization
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TABLE IV: Predicted bin-wise values of branching ratios and forward-backward asymmetries of B(s) → D(∗)(s)τ ν¯τ and
B+c → (ηc, J/ψ)τ+ντ processes in the SM and in the presence of new complex Wilson coefficients (case B).
Observables Values for SM values for VL Values for VR values for SL Values for SR Values for T
103 Br(B¯ → D¯)|q2∈[m2τ ,5] (0.782± 0.03) 0.896 0.888 0.848 0.61 0.87
103 Br(B¯ → D¯)|q2∈[5,7] (2.324± 0.21) 2.66 2.64 2.591 2.03 2.62
103 Br(B¯ → D¯)|q2∈[7,9] (2.36± 0.24) 2.7 2.674 2.74 2.62 2.643
103 Br(B¯ → D¯)|q2∈[9,11.6] (1.59± 0.191) 1.82 1.81 2.0 2.671 1.73
〈ADFB〉|q2∈[m2τ ,5] (0.443± 0.0354) 0.443 0.443 0.4395 0.262 0.448
〈ADFB〉|q2∈[5,7] (0.394± 0.035) 0.394 0.394 0.3896 0.12 0.41
〈ADFB〉|q2∈[7,9] (0.3494± 0.33) 0.3494 0.3494 0.3406 0.0093 0.379
〈ADFB〉|q2∈[9,11.6] (0.2851± 0.034) 0.2851 0.2851 0.2638 −0.0356 0.3326
103 Br(B¯ → D¯∗)|q2∈[m2τ ,5] (1.1± 0.088) 1.258 1.261 1.12 1.29 1.574
103 Br(B¯ → D¯∗)|q2∈[5,7] (4.14± 0.373) 4.75 4.76 4.2 4.8 5.26
103 Br(B¯ → D¯∗)|q2∈[7,9] (5.53± 0.55) 6.34 6.352 5.584 6.144 6.123
103 Br(B¯ → D¯∗)|q2∈[9,11.6] (3.32± 0.4) 3.81 3.82 3.34 3.483 3.242
〈AD∗FB〉|q2∈[m2τ ,5] (0.106± 0.009) 0.106 0.148 0.115 0.025 0.165
〈AD∗FB〉|q2∈[5,7] (−0.0225± 0.002) −0.0225 0.03 −0.0123 −0.081 0.0261
〈AD∗FB〉|q2∈[7,9] (−0.104± 0.008) −0.104 −0.0493 −0.095 −0.145 −0.0824
〈AD∗FB〉|q2∈[9,11.6] (−0.103± 0.013) −0.103 −0.063 −0.098 −0.132 −0.11
104 Br(Bc → ηc)|q2∈[m2τ ,5] (2.7± 0.22) 3.1 3.05 2.91 2.08 2.94
104 Br(Bc → ηc)|q2∈[5,7] (7.95± 0.72) 9.11 9.03 8.877 6.93 8.77
104 Br(Bc → ηc)|q2∈[7,9] (7.64± 0.611) 8.76 8.682 8.96 8.545 8.382
104 Br(Bc → ηc)|q2∈[9,11.6] (3.384± 0.41) 3.88 3.85 4.3 5.5 3.6
〈AηcFB〉|q2∈[m2τ ,5] (0.4429± 0.035) 0.4429 0.4429 0.4392 0.262 0.4483
〈AηcFB〉|q2∈[5,7] (0.394± 0.035) 0.394 0.394 0.3884 0.12 0.41
〈AηcFB〉|q2∈[7,9] (0.3458± 0.028) 0.3458 0.3458 0.3346 −0.01 0.375
〈AηcFB〉|q2∈[9,11.6] (0.27± 0.032) 0.27 0.27 0.2483 −0.03 0.315
103 Br(Bc → J/ψ)|q2∈[m2τ ,5] (0.24± 0.019) 0.274 0.275 0.245 0.287 0.283
103 Br(Bc → J/ψ)|q2∈[5,7] (1.0± 0.09) 1.15 1.15 1.02 1.16 1.1
103 Br(Bc → J/ψ)|q2∈[7,9] (1.52± 0.132) 1.74 1.75 1.534 1.66 1.463
103 Br(Bc → J/ψ)|q2∈[9,11.6] (0.643± 0.077) 0.737 0.74 0.644 0.661 0.589
〈AJ/ψFB 〉|q2∈[m2τ ,5] (0.1434± 0.012) 0.1434 0.172 0.15 0.058 0.219
〈AJ/ψFB 〉|q2∈[5,7] (0.032± 0.003) 0.032 0.066 0.04 −0.029 0.07
〈AJ/ψFB 〉|q2∈[7,9] (−0.032± 0.0026) −0.032 −4.9× 10−4 −0.0254 −0.073 −0.0334
〈AJ/ψFB 〉|q2∈[9,11.6] (−0.0345± 0.0042) −0.0345 −0.015 −0.031 −0.059 −0.046
103 Br(Bs → Ds)|q2∈[m2τ ,5] (0.86± 0.69) 1.02 1.0 0.96 0.687 0.966
103 Br(Bs → Ds)|q2∈[5,7] (2.542± 0.23) 2.92 2.89 2.836 2.22 2.8
103 Br(Bs → Ds)|q2∈[7,9] (2.46± 0.23) 2.82 2.8 2.87 2.74 2.71
103 Br(Bs → Ds)|q2∈[9,11.6] (1.54± 0.185) 1.77 1.75 1.95 2.58 1.65
〈ADsFB〉|q2∈[m2τ ,5] (0.443± 0.0354) 0.443 0.443 0.44 0.263 0.449
〈ADsFB〉|q2∈[5,7] (0.4± 0.036) 0.4 0.4 0.3893 0.12 0.41
〈ADsFB〉|q2∈[7,9] (0.349± 0.032) 0.349 0.349 0.34 0.0096 0.377
〈ADsFB〉|q2∈[9,11.6] (0.2833± 0.034) 0.2833 0.2833 0.262 −0.035 0.327
103 Br(Bs → D∗s )|q2∈[m2τ ,5] (1.325± 0.1) 1.52 1.53 1.35 1.572 2.02
103 Br(Bs → D∗s )|q2∈[5,7] (5.88± 0.53) 6.74 6.75 5.97 6.85 7.77
103 Br(Bs → D∗s )|q2∈[7,9] (9.515± 0.86) 10.1 10.1 9.614 10.6 10.8
103 Br(Bs → D∗s )|q2∈[9,11.6] (6.33± 0.76) 7.2 7.28 6.36 6.64 6.25
〈AD
∗
s
FB〉|q2∈[m2τ ,5] (0.07± 0.006) 0.07 0.12 0.078 −0.004 0.184
〈AD
∗
s
FB〉|q2∈[5,7] (−0.0584± 0.0053) −0.0584 7.88× 10−4 −0.048 −0.11 0.0342
〈AD
∗
s
FB〉|q2∈[7,9] (−0.134± 0.12) −0.134 −0.073 −0.125 −0.17 −0.0872
〈AD
∗
s
FB〉|q2∈[9,11.6] (−0.123± 0.015) −0.123 −0.077 −0.1174 −0.15 −0.119
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TABLE V: Predicted bin-wise values of LNU ratios and τ -polarization asymmetries of B(s) → D(∗)(s)τ ν¯τ and B+c →
(ηc, J/ψ)τ+ντ processes in the SM and in the presence of new complex Wilson coefficients (case B).
Observables Values for SM values for VL Values for VR values for VL Values for VR Values for T
〈RD〉|q2∈[m2τ ,5] 0.048 0.055 0.054 0.052 0.037 0.053
〈RD〉|q2∈[5,7] 0.583 0.668 0.662 0.65 0.51 0.655
〈RD〉|q2∈[7,9] 0.989 1.133 1.123 1.151 1.101 1.11
〈RD〉|q2∈[9,11.6] 1.8 2.061 2.043 2.27 3.02 1.954
〈PDτ 〉|q2∈[m2τ ,5] 0.318 0.318 0.318 0.37 0.12 0.26
〈PDτ 〉|q2∈[5,7] 0.2572 0.2572 0.2572 0.334 0.15 0.199
〈PDτ 〉|q2∈[7,9] 0.2783 0.2783 0.2783 0.38 0.352 0.223
〈PDτ 〉|q2∈[9,11.6] 0.4955 0.4955 0.4955 0.6 0.7 0.44
〈RD∗ 〉|q2∈[m2τ ,5] 0.044 0.05 0.0502 0.045 0.052 0.063
〈RD∗ 〉|q2∈[5,7] 0.33 0.375 0.376 0.332 0.379 0.416
〈RD∗ 〉|q2∈[7,9] 0.468 0.536 0.538 0.472 0.52 0.518
〈RD∗ 〉|q2∈[9,11.6] 0.54 0.62 0.622 0.543 0.567 0.527
〈PD∗τ 〉|q2∈[m2τ ,5] 0.205 0.205 0.206 0.225 0.361 0.116
〈PD∗τ 〉|q2∈[5,7] −0.036 −0.036 −0.036 −0.0119 0.165 0.11
〈PD∗τ 〉|q2∈[7,9] −0.2716 −0.2716 −0.271 −0.2508 −0.0754 0.682
〈PD∗τ 〉|q2∈[9,11.6] −0.4484 −0.4484 −0.4483 −0.4382 −0.338 −0.013
〈Rηc 〉|q2∈[m2τ ,5] 0.049 0.056 0.0556 0.053 0.038 0.0381
〈Rηc 〉|q2∈[5,7] 0.593 0.68 0.674 0.663 0.517 0.654
〈Rηc 〉|q2∈[7,9] 1.06 1.211 1.2 1.24 1.181 1.16
〈Rηc 〉|q2∈[9,11.6] 2.13 2.44 2.41 2.7 3.436 2.254
〈P ηcτ 〉|q2∈[m2τ ,5] 0.3205 0.3205 0.3205 0.3733 0.123 0.266
〈P ηcτ 〉|q2∈[5,7] 0.2725 0.2725 0.2725 0.349 0.166 0.2214
〈P ηcτ 〉|q2∈[7,9] 0.3287 0.3287 0.3287 0.428 0.4 0.278
〈P ηcτ 〉|q2∈[9,11.6] 0.584 0.584 0.584 0.673 0.743 0.538
〈RJ/ψ〉|q2∈[m2τ ,5] 0.053 0.061 0.061 0.054 0.064 0.063
〈RJ/ψ〉|q2∈[5,7] 0.331 0.38 0.38 0.336 0.384 0.349
〈RJ/ψ〉|q2∈[7,9] 0.4622 0.53 0.531 0.466 0.503 0.445
〈RJ/ψ〉|q2∈[9,11.6] 0.526 0.602 0.604 0.527 0.54 0.482
〈PJ/ψτ 〉|q2∈[m2τ ,5] 0.25 0.25 0.25 0.272 0.412 0.24
〈PJ/ψτ 〉|q2∈[5,7] −0.0343 −0.0343 −0.0339 −0.01 0.168 0.182
〈PJ/ψτ 〉|q2∈[7,9] −0.3034 −0.3034 −0.3032 −0.286 −0.137 0.076
〈PJ/ψτ 〉|q2∈[9,11.6] −0.4644 −0.4644 −0.4644 −0.4584 −0.4 −0.02
〈RDs 〉|q2∈[m2τ ,5] 0.046 0.053 0.052 0.05 0.0354 0.05
〈RDs 〉|q2∈[5,7] 0.586 0.672 0.666 0.653 0.511 0.645
〈RDs 〉|q2∈[7,9] 1.0 1.15 1.14 1.17 1.12 1.1
〈RDs 〉|q2∈[9,11.6] 1.844 2.114 2.1 2.332 3.1 1.977
〈PDsτ 〉|q2∈[m2τ ,5] 0.32 0.32 0.32 0.373 0.123 0.268
〈PDsτ 〉|q2∈[5,7] 0.2634 0.2634 0.2634 0.3397 0.156 0.214
〈PDsτ 〉|q2∈[7,9] 0.29 0.29 0.29 0.39 0.363 0.242
〈PDsτ 〉|q2∈[9,11.6] 0.51 0.51 0.51 0.612 0.71 0.462
〈RD∗s 〉|q2∈[m2τ ,5] 0.078 0.0894 0.0896 0.08 0.093 0.119
〈RD∗s 〉|q2∈[5,7] 0.5 0.573 0.574 0.51 0.583 0.661
〈RD∗s 〉|q2∈[7,9] 0.71 0.813 0.815 0.717 0.79 0.81
〈RD∗s 〉|q2∈[9,11.6] 0.812 0.931 0.933 0.82 0.852 0.8
〈PD
∗
s
τ 〉|q2∈[m2τ ,5] 0.223 0.223 0.225 0.2435 0.382 0.092
〈PD
∗
s
τ 〉|q2∈[5,7] −0.028 −0.028 −0.0273 −0.0028 0.178 0.082
〈PD
∗
s
τ 〉|q2∈[7,9] −0.27 −0.27 −0.27 −0.248 −0.07 0.038
〈PD
∗
s
τ 〉|q2∈[9,11.6] −0.447 −0.47 −0.446 −0.436 −0.334 −0.03
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TABLE VI: Predicted bin-wise values of longitudinal polarization asymmetries of daughter meson
of B(s) → D∗(s)τ ν¯τ and B+c → J/ψτ+ντ processes in the SM and in the presence of new complex
Wilson coefficients (case B).
Observables Values for SM values for VL Values for VR values for VL Values for VR Values for T
〈FD∗L 〉|q2∈[m2τ ,5] (0.629± 0.023) 0.629 0.63 0.6359 0.6843 0.39
〈FD∗L 〉|q2∈[5,7] (0.5242± 0.047) 0.5242 0.526 0.5315 0.589 0.368
〈FD∗L 〉|q2∈[7,9] (0.43± 0.04) 0.43 0.432 0.436 0.4871 0.35
〈FD∗L 〉|q2∈[9,11.6] (0.3654± 0.044) 0.3654 0.37 0.368 0.395 0.337
〈FJ/ψL 〉|q2∈[m2τ ,5] (0.5777± 0.046) 0.5777 0.5792 0.5865 0.648 0.442
〈FJ/ψL 〉|q2∈[5,7] (0.46± 0.041) 0.46 0.462 0.469 0.54 0.379
〈FJ/ψL 〉|q2∈[7,9] (0.3748± 0.032) 0.3748 0.386 0.38 0.426 0.338
〈FJ/ψL 〉|q2∈[9,11.6] (0.3405± 0.041) 0.3405 0.342 0.342 0.358 0.33
〈FD
∗
s
L 〉|q2∈[m2τ ,5] (0.585± 0.047) 0.585 0.586 0.593 0.65 0.341
〈FD
∗
s
L 〉|q2∈[5,7] (0.482± 0.044) 0.482 0.484 0.49 0.556 0.32
〈FD
∗
s
L 〉|q2∈[7,9] (0.4±±0.035) 0.4 0.402 0.41 0.463 0.31
〈FD
∗
s
L 〉|q2∈[9,11.6] (0.354± 0.043) 0.354 0.355 0.3562 0.384 0.32
asymmetries of B¯ → D(∗)τ ν¯τ , B+c → (ηc, J/ψ)τ+ντ , Bs → D(∗)s τ ν¯τ and Λb → Λcτ ν¯τ decay
processes in four q2 (in GeV2) bins: m2τ → 5, 5 → 7, 7 → 9 and 9 → (MB − MP (V ))2.
We have also shown the implication of new coefficients on B¯ → D∗∗τ ν¯τ channel, where
D∗∗ = {D∗0, D∗1, D1, D∗2} are the four lightest excited charm mesons. As per our main goal,
we have checked which type of new couplings are more sensitive to which angular observables
of b → cτ ν¯τ processes and specifically to which q2 bins. The forward-backward asymmetry
of B → P channels are independent of VL coefficients and the dependence of vector cou-
plings drops out in τ -polarization asymmetry parameters. We noticed that the impacts of
only real SR coefficient on almost all the angular observables of B → P (V ) processes are
comparatively larger in all four q2 bins (minor in the first bin). For the presence of either
complex SR or T coefficient, we observed significant deviation in the angular observables
from their respective SM results. The effects of complex SL coupling on some of the angular
observables are found to be larger. The presence of real/complex vector type coefficients
also provide profound deviation in some angular observables in different q2 bins (complex VR
provides better impacts on observable compared to complex VL). Though real/complex SR
coefficient is playing a significant role in all observables, the best-fit values of real/complex
SR doesn’t lead to the best χ
2
min/d.o.f. value. Out of all possible combinations of two real
coefficients, the branching ratios and angular observables of b→ cτ ν¯τ decay modes provide
comparatively significant deviation from their corresponding SM predictions in the presence
of SL&SR, SL&T and SR&T sets of coefficients. Other possible sets also have dominant im-
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TABLE VII: Predicted bin-wise values of branching ratio and angular observables of Λb → Λcτ ν¯τ
process in the SM and in the presence of new complex Wilson coefficients (case B).
Observables Values for SM values for VL Values for VR values for VL Values for VR Values for T
103 Br(Λb → Λc)|q2∈[m2τ ,5] (1.08± 0.09) 1.233 1.23 1.123 1.08 1.54
103 Br(Λb → Λc)|q2∈[5,7] (4.4± 0.396) 5.05 5.04 4.62 4.6 5.67
103 Br(Λb → Λc)|q2∈[7,9] (6.53± 0.653) 7.481 7.476 6.863 7.2 7.46
103 Br(Λb → Λc)|q2∈[9,11.6] (5.6± 0.672) 6.42 6.424 5.9 6.51 5.635
〈AΛcFB〉|q2∈[m2τ ,5] (0.263± 0.02) 0.263 0.286 0.271 0.21 0.277
〈AΛcFB〉|q2∈[5,7] (0.104± 0.009) 0.103 0.14 0.1184 0.039 0.14
〈AΛcFB〉|q2∈[7,9] (−0.0114± 0.001) −0.0114 0.0324 0.0067 −0.06 0.0263
〈AΛcFB〉|q2∈[9,11.6] (−0.056± 0.0067) −0.056 −0.0213 −0.0422 −0.08 −0.032
〈RΛc 〉|q2∈[m2τ ,5] 0.0536 0.0615 0.0613 0.056 0.054 0.0767
〈RΛc 〉|q2∈[5,7] 0.377 0.433 0.432 0.396 0.395 0.486
〈RΛc 〉|q2∈[7,9] 0.539 0.617 0.617 0.566 0.595 0.616
〈RΛc 〉|q2∈[9,11.6] 0.63 0.722 0.723 0.664 0.733 0.34
〈PΛcτ 〉|q2∈[m2τ ,5] 0.0725 0.0725 0.0715 0.11 0.0533 0.063
〈PΛcτ 〉|q2∈[5,7] −0.174 −0.174 −0.176 −0.1195 −0.127 −0.161
〈PΛcτ 〉|q2∈[7,9] −0.351 −0.351 −0.353 −0.2846 −0.226 −0.333
〈Pτ 〉|q2∈[9,11.6] −0.474 −0.474 −0.4765 −0.4 −0.263 −0.465
〈FΛcL 〉|q2∈[m2τ ,5] −0.946 −0.946 −0.71 −0.943 −0.722 −0.923
〈FΛcL 〉|q2∈[5,7] −0.892 −0.892 −0.67 −0.8865 −0.632 −0.892
〈FΛcL 〉|q2∈[7,9] −0.7846 −0.7846 −0.587 −0.778 −0.487 −0.803
〈FΛcL 〉|q2∈[9,11.6] −0.5 −0.5 −0.375 −0.496 −0.279 −0.525
TABLE VIII: Predicted bin-wise values of RD∗∗ parameter in the SM and in the presence of new
complex Wilson coefficients.
Model RD∗∗ (q
2 ∈ [m2τ , 5]) RD∗∗ (q2 ∈ [5, 7]) RD∗∗ (q2 ∈ [7, (mB −mi)2])
SM 0.026 0.368 0.526
Only VL 0.177 2.523 3.61
Only VR 0.028 0.353 0.426
Only SL 0.026 0.368 0.528
Only SR 0.033 0.521 0.825
Only T 0.038 0.559 0.84
pact on branching ratios and some angular observables of b → cτ ν¯τ and can accommodate
the experimental limit. We have also shown the correlation between the LNU ratios, tau
and hadron polarization asymmetry of B → P (V ) and Λb → Λc processes. To conclude, we
have performed a model independent analysis of b → cτ ν¯τ decay processes and inspected
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FIG. 18: The bin-wise branching ratio (top), forward-backward asymmetry (second from top),
RΛc (third from top), tau (fourth from top) and Λc (bottom) longitudinal polarization asymmetry
of Λb → Λcτ ν¯τ in four q2 bins for case A (left panel) and case B (right panel).
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FIG. 19: Correlation between various angular observables of b→ cτ ν¯τ decays for case B.
the branching ratio and angular observables of these channels for both real and complex
couplings in four q2 bins. We have shown the bin-wise sensitivity of new coefficients on
angular observables which will provide a clear idea on the structure of new physics.
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FIG. 20: Correlation between varrious lepton non-universality parameters for case B.
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